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Problem under consideration
A standart setup of linear optical quanutm computation
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Problem under consideration
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Fock state

occupation numbers assignment list: 1<s1<s;<---<sy<M
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Fock operators
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Fock state evolution sti= 15
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Mat - Vec : nnz[ Mat] multiplications

Matrices have a lot of zeroes — total complexity of a problem is O(N(M 1+N))

Generalization to arbitrary set of input and output Fock bases is unclear

Nicolas Heurtel, at al. (2023). «Strong simulation of linear optical processes» Computer Physics
Communications, 291, 108848. 7/20
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TT decomposition

may not be a full basis

Suppose output basis is given by a set of assignment lists:L[{] = {t1,t2,...tn}
A key observation:
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TT decomposition

M N cores of TT
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https://openreview.net/forum?id=yLzLfM-Esnu
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Single input, arbitrary output
order of A universal recipe for single Fock input
evaluatlon\ and arbitrary Fock basis output

input:  output:
s L[]

for full output basis:

O (N(M—I%I+N))

equivalent to SLOS
only matrix by vector multiplication 10/20



Arbitrary input, arbitrary output
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AN N—T— —~ semi-indicator tensor
input set of JufJ2p I3 IN encoding the input
assignment lists Fock basis
output set of | 2 3 (N indicator tensor
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Arbitrary input, arbitrary output

ymatrix of transformation
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Tindependent inputs/Tsemi —indicator
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Numerical comparison

How faster is it to calculate transformation amplitudes with the
semi-indicator tensor than to calculate each input separately for full
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Tindependent inputs/Tsemi —indicator
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Numerical comparison

How faster is it to calculate transformation amplitudes with the
semi-indicator tensor than to calculate each input separately for
unbunched bases (assignment lists have no repetitions)?
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Both methods are asymptotically equivalent. 14/20




o 0~

USN\ ,
+J \._U ._Lb_l_ o
S 3 2 | = W
wn ,Mu\ OUM —
5 > — ON
o - .=
S t_ -

T —
o cmnO
l ©

Arbitrary input, arbitrary output




Tamplitudes/Tapplication
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Numerical comparison

How faster is it to calculate all the transformation amplitudes
compared to calculating the application of the transformation for full

bases?
calculation time relation (cpu) calculation time relation (cuda)
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Tamplitudes/Ta pplication

Numerical comparison

How faster is it to calculate all the transformation amplitudes
compared to calculating the application of the transformation for

unbunched bases?
calculation time relation (cpu)

calculation time relation (cuda)
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Possible generalization

Other quantities involving a sum over permutations

Distinguishable photons: Gaussian boson sampling:
Sij = (¢il9;) _ _haf[AS]
P(S) 4/ det[o]s!
N _ M
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Derivative function decomposition

derivative function

in l
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None, else
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Derivative function decomposmon
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None, else 20/20
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